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types that comprise the newly hatched L1 larva. ExLastly, the morphology and connectivity of each of the pression of a number of cell-specific GFP reporters 302 neurons in the C. elegans nervous system have been and molecular markers is similar to that observed in defined using serial section electron microscopy (White the intact animal. Fluorescence-activated cell sorting et al., 1986).
(FACS) can be used to isolate GFP-marked cells in quanDespite these many experimental advantages, the tities sufficient for molecular studies. We demonstrate small size of most somatic cells and the tough, pressurthat body muscles and identified neuron types can be ized cuticle surrounding the animal limit access for moreadily patch clamped in the conventional whole-cell lecular studies of cell-specific gene expression and mode. Whole-cell electrophysiological properties are function. For example, individual cells or organs cannot similar to those measured in vivo. Finally, we show that be readily isolated in quantities sufficient for the generaaddition of double-stranded RNA (dsRNA) to the culture medium induces knockdown of targeted gene expression in both neurons and muscle cells. Primary C. ele- gans cell culture offers new opportunities for defining Cell-Specific GFP Reporters Are Expressed in Culture complex excitable cell processes at the molecular level.
A powerful experimental advantage of C. elegans is the relative ease and economy of generating transgenic animals. It is a mainstay in the field to use GFP reporters Results to determine cell types in which a particular gene is expressed (Chalfie et al., 1994) . We exploited the availEmbryonic Cells Undergo Morphological ability of GFP transgenic lines to establish cultures in Differentiation In Vitro which specific cell types are marked by GFP expression. Freshly isolated embryonic cells are spherical in shape Table 1 shows GFP reporter lines from which cells and vary in size from ‫2ف‬ to 10 m in diameter. Morphowere cultured. After isolation, cells were seeded at a logical differentiation is observed within 2-3 hr after cell density of 340,000-375,000 cells/cm 2 in 8-well chamisolation and plating. As cells begin to adhere to the bered coverglasses. Cultures were imaged by brightfield growth substrate, many were observed to send out neuand fluorescence microscopy at defined intervals for 72 ron-like processes. Extensive morphological differentiahr after plating. The frequency of GFP-expressing cells tion was observed within 24 hr. The majority of cells in in the cultures was calculated as the percent of the total culture had a neuron-or muscle cell-like morphology number of cells exhibiting well-formed processes, which ( Figure 1A) .
we defined as neurons and muscle cells. Cells must adhere to the growth substrate in order for GFP-expressing cells prepared from an unc-119::GFP morphological differentiation to occur. Morphological worm strain were abundant and easily detected in culdifferentiation is extensive when cells are plated onto tures examined 2-3 hr after isolation and plating. uncglass surfaces coated with peanut lectin ( Figure 1A) Figure 2G ). In over 300 cultured CFP-and highly ramified. These processes were considerably 900 YFP-positive cells examined, none showed coexlonger than those observed in other neuronal types pression of the two markers, indicating that these re-(compare Figures 2B-2D) .
porter genes retain their neuron-specific expression patThe frequency of various GFP-expressing cell types terns in vitro. observed after at least 24 hr in culture is similar to that observed in the intact, fully developed embryo ( Table  Postembryonically Derived shown in Figure 6C , there was a 50% to Ͼ90% reduction in the number of pixels within the measured intensity ranges in images of cells treated with dsRNA. This effect Double-Stranded RNA Disrupts Targeted Gene was maximal within 24 hr after dsRNA exposure.
Expression in Cultured Embryonic Cells
To ensure that the reduction in GFP fluorescence was Double-stranded RNA ( Figure 7C , GFP fluorescence levels were only modestly affected 1 day after dsRNA exposure. However, 3 days after treatment with dsRNA, there was a Ͼ90% reduction in the number of cells expressing bright and medium GFP fluorescence levels.
While our results demonstrate clearly the effectiveness of RNA i in disrupting the expression of GFP and UNC-54 in cultured C. elegans muscle cells and neurons, it is conceivable that other genes and/or cell types may be less sensitive to dsRNA. Clearly, it will be important for investigators using this approach to assess both the time course and extent of gene expression knockdown by dsRNA in their specific experimental setting. We have now shown that embryonic cells giving rise to muscles and specific neurons also appear to differenexpression was 94 Ϯ 3% (mean Ϯ SE; n ϭ 3).
Discussion
To assess the effectiveness of RNA i on neurons in tiate normally in vitro. Several lines of evidence support this conclusion. First, cultures derived from nematode vitro, we monitored GFP expression in cultures derived from the unc-119::GFP worms. As shown in Figures 7A strains expressing specific GFP reporters produce GFPlabeled cells that are morphologically similar to these and 7B, GFP dsRNA dramatically reduced GFP expression in cultured neurons. However, unlike myo-3::GFP, cells in the intact animal (Figure 2) . Second, the proportions of GFP-expressing cells that appear in vitro are downregulation of unc-119::GFP was considerably slower. Knockdown of GFP expression in muscle cells predicted by the abundance of these cells in the mature embryo (Table 1) . Third, specific markers of differentiawas largely complete one day after exposure to dsRNA Electrical conprecipitation. dsRNA was formed by dissolving purified RNA in RNase-free water and then heating to 65ЊC for 30 min followed by nections to the amplifier were made using Ag/AgCl wires and 3 M KCl/agar bridges. Data acquisition was performed using pClamp 6 cooling to room temperature. The size, purity, and integrity of dsRNA were assayed on TAE agarose gels. software (Axon Instruments). Bath and pipette solutions used for patch clamp measurements on cultured myo-3::GFP-expressing Equal numbers of cells from a cell isolate were plated in either control L-15 cell culture medium or L-15 medium containing 15 g/ muscle cells and gcy-5::GFP-expressing ASER chemosensory neurons were identical to those described by Richmond and Jorgensen ml dsRNA. Two to three hours after plating, the dsRNA was diluted 
